A nonlinear vibration system arises in physics. Besides its mathematical model, it is of great importance to have an accurate and reliable solution to the system. Though there are many analytical methods, such as the variational iteration method and the homotopy perturbation method, numerical approaches are rare. This paper suggests the barycentric interpolation collocation method to solve nonlinear oscillators. The Duffing equation is adopted as an example to elucidate the solution process. Some numerical examples are studied to demonstrate the accuracy of the present method. Results obtained by the method indicate the method is simple and effective.
Introduction
The nonlinear vibration system has wide applications in physics. There are some valuable efforts that focus on finding analytical methods for solving the nonlinear vibration system. These analytical methods are the variational iteration method (VIM), the homotopy perturbation method (HPM), the Adomian decomposition method and so on. The VIM and the HPM have proved to be powerful mathematical tools for solving various kinds of nonlinear problems. [1] [2] [3] [4] [5] [6] [7] [8] The barycentric interpolation collocation method (BICM) 9-11 is a high precision numerical method. Some authors 12, 13 have used the BICM to solve some linear and nonlinear high-dimensional Fredholm integral equations, 12 nonlinear parabolic partial differential equations. 13, 14 In this paper, the BICM is used to solve nonlinear oscillators and coupled Duffing system is adopted as an example to elucidate the solution process.
We consider the following coupled nonlinear Duffing system
with the initial conditions
The numerical solution of (1)
. . . ; N, we give two initial hypothesis functions x 0 ðtÞ; y 0 ðtÞ, and construct following a linear iterative format of the model (1)
Let
where n j ðtÞ is the barycentric Lagrange interpolation primary function, x j is the center of gravity interpolation weight.
So, when t ¼ t i ; i ¼ 1; 2; . . . M, the format (3) can be written in the following matrix form are the M order matrices. I is the M order unit matrix. The vector x n ; y n ½ ¼ x n t 1 ð Þ; x n t 2 ð Þ; . . . ; x n t M ð Þ; y n t 1 ð Þ; y n t 2 ð Þ; . . . ; y n t M ð Þ ½ ;
Next, we take the formula (4) into the initial conditions (2), we can get the following equation
The first 1 and the first 2M of equation (5) are replaced separately by equation (7) in turn. So, we can get x n ðtÞ; y n ðtÞ as approximate solution of (1) and (2) .
Numerical experiments
In this section, some numerical examples are studied to demonstrate the accuracy of the present method. The examples are computed using MatlabR2017a.
Example 1 We consider the following the Duffing equation
with the following initial conditions
In Table 2 .
From the above Examples, we can see that the BICM is an effective method. Next, we use the BICM to solve the following nonlinear epidemic model. with the following initial conditions
x(t) susceptible population: those so far uninfected and therefore liable to infection; y(t) infective population: those who have the disease and are still at large; z(t) isolated population, or who have recovered and are therefore immune. The numerical results of Example 3 are shown in Figure 13 (a) to (c). The values of c 1, c 2 and c 3 are shown in Table 3 . From Figure 13 , in a short time t, we can know that:
a. When we take the same value for susceptible population, infective population and isolated population, the rate of decrease of susceptible population is fast, and infective population is always more than isolated population. b. When we take the value of susceptible population is zero, the infective population is the largest, the infective population is inversely proportional to the isolated population. c. When we take the value of infective population is the largest, the last infective population and the susceptible population are stable.
Conclusions and remarks
In this paper, the Duffing systems have been solved by the BICM. From some figures, we can see that the present method is feasible in solving this model. Meanwhile, these numerical experiments illustrate that the numerical results of the present method are the same as the experimental results of Tafo Wembe and Yamapi 15 Compared with Tafo Wembe and Yamapi, 15 we get better numerical results. All computations are performed by the MatlabR2014a and MatlabR2017a software package.
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